ABSTRACT Naturally occurring radioactive materials (NORMS) and fallout
Introduction
The external radiation exposure arises mainly due to cosmic rays and from terrestrial radionuclides. Terrestrial radiation, mainly originates from the primordial radionuclides formed in the early stage of the formation of the solar system (Al-Jundi, 2002) . Gamma radiation arising from naturally occurring radioactive materials (NORMS), such as 40 K, 238 U, 235 U and 232 Th series and their decay products, existing at trace levels in all ground formations, is the principal external source of radiation to the human body (Karahan et al., 2000; Tzortzis et al., 2004; UNSCEAR, 1993 Absorbed dose rate in air, at sea level, from cosmic radiation is about 30 nGy/h for the Southern hemisphere (UNSCEAR, 2000) . The levels of terrestrial environmental radiation in an area are related to the geological condition of that area and also to the content of Th, U and K in the rocks from which the soils originate (Tzortzis et al., 2004) . Hence, the levels of natural environmental radioactivity and the associated external exposure due to gamma radiation are observed to be at different levels in the soils of different regions in the world (Florou et al., 1992; UNSCEAR, 2000) . Thus, concentrations of elements present in soils on top of sedimentary materials are diverse; depending on their concentration in the eroded substance and also on the physico-chemical phenomena associated with sedimentation (Martinez-Aguirre et al., 1997) . Considering natural radioactivity, igneous rocks of granitic composition are strongly enriched in Th and U (an average of 15 ppm Th and 5 ppm U), compared to rocks of basaltic or ultramafic composition (<1 ppm of U) (Faure, 1986; Ménager et al., 1993) . Igneous rocks show higher radiation levels compared to sedimentary rocks. But there are exceptions as well, like; some shales and phosphate rocks contain relatively higher content of radionuclides (UNSCEAR, 2000) . Almost 95% of the world's population is assumed to live in areas of normal background radiation, where outdoor exposures range from 24 to 160 nGy/h (UNSCEAR, 1993). As external radiation exposures from naturally occurring radionuclides contribute nearly 25% of the average annual dose to the human body from all radiation sources, considerable attention has been given to low-level exposures arising due to naturally occurring radionuclides, particularly 238 U,
232
Th and 40 K (Higgy, 2002) .
OCCURRENCES OF NORMS AND 137 CS IN SOILS
The Singhbhum thrust belt of Eastern India is the area under investigation. This area is known for hosting vein/disseminated type natural uranium deposits (Dikshitulu et al., 1997) and is characterized by higher concentration of NORMS. Mining of low grade uranium, iron and copper minerals has been carried out at different locations in this region. Here we present studies on distribution of NORMS and fallout 137 Cs in the soils of this region and the associated radiological hazard.
Materials and methods

Sample collection and preparation
Surface soil samples were collected from the Singhbhum thrust belt of Eastern India. Multiple samples were collected from 0-5 cm depth at a location and homogenised to make one representative sample. Samples were dried at 105 °C, after removing vegetation, pebbles and stones. Samples were ground, homogenised and sieved to <2000 µm size. Weighed samples (approximately 300 g) were sealed in polyethylene bottles of 6.5 cm diameter and 7.5 cm height. Samples were sealed for one month so that secular equilibrium is attained between the daughter nuclides of 222 Rn and 220 Rn.
Instrumentation and calibration
A high-purity vertical Germanium detector was used for all the measurements. The system consisted of an n-type HPGe detector having 50% relative efficiency with respect to 7.6 cm × 7.6 cm NaI(Tl) detector at 1332 keV of 60 Co gamma energy measured at 25 cm and associated electronics coupled with 8K MCA. Spectrum analysis was done by PHAST software (Electronics Division, BARC). IAEA Certified Reference Materials (CRMs), RGU-I and RGTh-I, were used for the energy and efficiency calibration of the High Resolution Gamma Spectrometric System (HRGs).
Natural radioactivity measurement
Samples were counted in polyethylene bottles of the same geometry as the CRMs. The γ-transitions observed for radionuclide determination are given in Table I . To determine the contribution of ambient background, an empty container, of the same dimensions used for the samples and with the same geometrical conditions, was counted on the detector. Sample and background spectrum were all acquired for 60,000 seconds. Radionuclide activities obtained from work conducted worldwide have been tabulated in Table III . The data reported for Orissa (Mohanty et al., 2004) are for a high background radiation area. The obtained results in the current study are higher than the worldwide median activity concentrations (UNSCEAR, 2000) of 35, 30 and 400 Bq/kg for 238 U, 232 Th and 40 K respectively except 232 Th activity concentration of 28.73 Bq/kg in sample 1. The presence of naturally occurring vein/disseminated type uranium mineralization in this region is the main factor for marginally elevated levels of natural radioactivity in the soils. In Table IV activity concentrations of the anthropogenic radionuclide 137 Cs obtained from the present study are compared to studies carried out worldwide. It is seen that the data from the current study lies in the same range as the worldwide data. Ra is a daughter product in the natural radioactive decay series of 238 U. Hence the correlation of the two radionuclides is expected. 
Results and discussion
Radiation hazard
Radium equivalent activity (Ra eq )
An index called the radium equivalent activity (Ra eq ) is used to assess the exposure to radiation (Bahari et al., 2007; Beretka and Mathew, 1985; El-Arabi, 2005; Nada, 2003 (Bahari et al., 2007) . Equation (1) shows that 1 Bq/kg of 226 Ra, 0.7 Bq/kg of 232 Th or 13 Bq/kg of 40 K will generate the same gamma ray dose rate (Chowdhury et al., 1999) . The Ra eq for the soil samples are given in Table V . Values range from 216-263 Bq/kg, which are below the internationally accepted value of 370 Bq/kg (Beretka and Mathew, 1985; El-Arabi, 2005) . This shows that the radiological hazard for the samples is below the internationally accepted values considering the Ra eq hazard index.
External hazard index (H ex )
The external hazard index (H ex ) due to the gamma rays emitted from the samples is also used to assess the radiation hazard and is given by the equation (Beretka and Mathew, 1985; El-Dine, 2008; Nada, 2003) :
H ex values for the soil samples are all below unity as given in Table V . This indicates that these soils pose no hazard to the workers and peasants in this region.
Internal hazard index (H in )
The internal exposure due to 222 Rn and its daughter radionuclides present in the soils (outdoor conditions) can be indicated by the internal hazard index (H in ), which is given by (Nada, 2003) :
From 
Air absorbed gamma dose rate (D)
The total air absorbed gamma dose rate (nGy/h) due to the mean activity concentrations of Ra, Th and K (Bq/kg) in the samples was calculated as (UNSCEAR, 2000)
D values for the samples range from 100-121 nGy/h. Values from the current study have been compared to work conducted worldwide in Table VI . The values reported in Orissa, India (Mohanty et al., 2004) Nageswara et al. (1996) Istanbul, Turkey 65 (mean) Karahan et al. (2000) Taiwan 62 (mean) Yu-Ming et al. (1987) Canary islands 67 (mean) Fernandez et al. (1992) Greece 69 (mean) Probonas et al. (1993) Kerala, India 200-4000 Sunta et al. (1981) Ooty, India 31.6-221 Selvasekarapandian et al. (1999) Gudalore, India 74.3 ± 27. Ra, will not affect the dose rate estimation due to 226 Ra. In the soils around Nilgiri, the estimated contributions to the calculated dose rate have been reported to be (Selvasekarapandian et al., 2001) (Sankaran et al., 1986; Nambi et al., 1987) . Global values for dose rate estimation from soils were found to be 40% ( 232 Th series), 25% ( 238 U series) and 35% ( 40 K) (UNSCEAR, 2000) .
Calculated gamma dose rate, obtained from the activities of 226 Ra, 232 Th and 40 K in the samples was compared to the dose rate in air measured by a portable digital dose rate gamma survey meter (target FieldSPEC). The observed dose rate, varied from 120-200 nGy/h. Parametric and non-parametric tests have been used in the present study to study the difference between the observed and the calculated gamma dose rates. The Wilcoxon rank sum/Man-Whitney test (non-parametric test) was employed to compare the medians of the calculated dose rates and the observed dose rates. One of the test statistics calculated (1 and 35) was much lower than the critical value (13 for 6 no. of samples). This indicated that at the given level of significance the medians of the observed and calculated dose rate are significantly different (Kumar et al., 2007) . Pearson correlation coefficient (parametric test) was calculated for the observed and calculated dose rates and its linear regression is shown in Figure 3 . The corresponding non-parametric test, Spearman's rank (rho) correlation coefficient was also calculated and its linear regression is shown in Figure 4 . Pearson correlation coefficient gives coefficient of R = +0.98 and intercept of -273.79. Spearman's rank (rho) correlation coefficient gives R = +0.94 and intercept of 0.2. In both the cases the calculated and observed dose rates show a high correlation. From these tests it is inferred that the observed outdoor gamma dose rate may be influenced by other factors apart from the calculated dose rate, computed using the radionuclide activities, which may be the cause of the difference between the two sets of values. The calculated dose rate is an estimate of the dose rate, at 1m level, due only to the radionuclides present in the soil at that location. It does not take into contribution the cosmic dose rate present at the location. This component may be the reason for the observed difference in the computed and measured dose rates.
Sample code
Conclusion
High Resolution Gamma Spectrometry system was used to study the distribution of NORMS and fallout 137 232 Th and 40 K were found to be slightly higher than global averages. This was due to natural uranium mineralization occurring in this region.
Correlation between radionuclides was studied.
137
Cs was seen to have a positive correlation with 40 K (+0.71 correlation coefficient). Th/U concentration ratio (Clark value) was also calculated and uranium enrichment was found in some of the soils.
Radiation hazard for the samples was assessed by radium equivalent activity (Ra eq ), external hazard index (H ex ), internal hazard index (H in ) and absorbed gamma dose rate (D). The values are below global averages, indicating no radiation hazard to the people in this region.
Calculated and observed dose rates in air were compared with the help of parametric and non-parametric tests like Wilcoxon rank sum/Man-Whitney test (non-parametric test), Pearson correlation coefficient (parametric test) and Spearman's rank (rho) correlation coefficient. The tests showed difference between the calculated and observed dose rates, indicating that the observed outdoor gamma dose rate may be influenced by other factors apart from the calculated dose rate.
